Seasonal Sea Surface Temperature (SST) changes in the Western English Channel have been estimated for the previous decades from high-resolution satellite data. Coastal seas, well separated from offshore waters by intense frontal structures, show colder SST by 1 to 2°C in summer. A significant warming trend is observed in the autumn season. This positive trend is stronger offshore, with an annual mean SST increase of 0.32°C/decade, but weaker in coastal waters (0.23°C/decade), where strong vertical mixing induced by tides and winds acts to reduce surface warming. The performance of an ensemble of CMIP5 climate model in simulating recent seasonal changes of SST in the region is estimated. The median of CMIP5 models reproduces very well the observed SST mean seasonal cycle in offshore waters but is less proficient in the coastal sector due to the coarse resolution of the models and the absence of tidal forcing and related processes. In the Iroise Sea, a region of intense biological activity located off the western tip of Brittany, the trend of the annual mean SST is relatively well simulated, albeit somewhat underestimated (0.20°/decade) and evenly distributed throughout the year. Here, the increase in annual mean SST in CMIP5 future scenarios simulations ranges from 0.5°C (RCP2.6) to 2.5°C (RCP8.5) by year 2100, with a seasonal modulation leading to a more intense warming in summer than in winter. This increase in SST may strongly affect marine biology, particularly phytoplankton phenology, macro-algae biomass and benthic fauna, including exploited shellfish, in the Western English Channel.
have become much more common (Southward, 1980 ; Southward et al., 1995 ; Hawkins et al., 2003 ;  P e e r R e v i e w O n l y 5 processes or the long gravity waves associated with tides and wind-generated coastally trapped waves 92 (Holt et al., 2009) . Besides, there are few published regional model simulations with sufficient 93 resolution to include shelf sea processes (e.g. tidal mixing fronts and coastal currents) and of sufficient 94 duration to investigate how atmospheric and/or oceanic fluxes drive the interannual to decadal 95 variability. Focusing on regional models including our study region --that is the French Atlantic 96 shoreline and the English Channel--only two simulations cover the recent past. Holt et al. (2012) 97 have modelled the temperature over the European continental shelf with the Atlantic Margin 98 configuration of POLCOMS at 12 km resolution over the period 1960 -2002 . Michel et al. (2009 have 99 analyzed the temperature variability in the Bay of Biscay through a simulation performed with a global 100 configuration of NEMO (resolution of ~20 km, but tides not simulated) for the period 1958-2004. 
101
Besides that, a higher number of modelling studies have been undertaken to model the changes in 102 ocean properties in the North Sea (Schrum, 2001 , Meyer et al., 2011 , Hjøllo et al., 2009 , 2012) . Then, the peak-and-decline RCP2.6 scenario is designed to meet the 2°C global average 144 warming target compared to pre-industrial conditions by 2100 (van Vuuren et al., 2011a) . Radiative 145 forcing in RCP4.5 peaks at about 4.5 W/m2 in year 2100 (Thomson et al., 2011) . RCP8.5 assumes a 146 high rate of radiative forcing increase, peaking at 8.5 W/m2 in year 2100 (Riahi et al., 2011). 147 Figure 1 pictures the regional seas located off the coasts of French Brittany : the English 148 Channel, the Iroise Sea and the Bay of Biscay. Each of these seas has specific characteristics, linked 149 to local topography, continental geometry, hydrology, and will be analyzed separately. Most of CMIP5 150 oceanic models have a typical low spatial resolution, of about 110 km x 110 km at 48°N (see a typical 151 CMIP5 grid cell on Figure 1 ), so that the regional seas are modelled by only some grid cells and 152 shallow bathymetry is not well represented. The English Channel is not depicted in some models, nor 153 is it connected to the North Sea in others (see detailed characteristics of the different grid 154 topographies and geometries in Tab. 1). Tides and sub-mesoscale processes are not simulated but the 155 complete ocean-atmosphere system is modelled, including heat and energy exchanges between ocean 156 and atmosphere, essential to predict climate change.For each of the 13 CMIP5 ocean models, the grid P e e r R e v i e w O n l y 8 time series used here did not generate bias. The three sets of SST data were projected onto the same 170 regular grid ---0.075° in longitude and 0.05° in latitude ---allowing a high spatial resolution of 171 about 5 km x 5 km.
172
Analyzing the Ifremer AVHRR-SST satellite data over 1986 -2006 , Saulquin and Gohin (2010 173 have shown that the mean annual warming of the SST was not spatially uniform in the English Channel, SST differences across the fronts of about 2°C. These fronts and their formation process have been 181 long and extensively studied (Pingree and Griffiths, 1978 ; Simpson et al., 1978 ;  Mariette and Le 182 Cann, 1985 ; Le Boyer et al., 2009 ) and modelled (Muller et al., 2007 ; Cambon, 2008 ; Lazure et al., 
184
To take into account the spatial inhomogeneity of the SST in the seas surrounding Brittany, areas 185 with specific characteristics have been selected in each regional sea: « tidally mixed coastal waters », The end-to-end methodology applied to the Iroise Sea is the following. 
203
For the atmosphere, the Expert Team on Climate Change Detection and Indices (ETCCDI) has defined 204 a set of climate indices that provide a comprehensive overview of temperature and precipitation 205 statistics focusing particularly on extreme aspects (Karl and Easterling, 1999, Klein Tank et al., 2009 ).
206
Multivariate Oceanic and Climatic Index (MOCI) have also been derived from a combination of global 207 and regional climate indices to evaluate the impact of oceano-climatic changes on marine ecosystems 208 in the Bay of Biscay (Hemery et al., 2008) . So far, no set of indices has been developed for oceanic-209 only climatic characteristics.
210
We propose a set of 13 indices (defined in 
220
To quantify the recent SST changes, linear trends in the SST monthly mean time series (Fig. 4) 
221
and in the indices time series (Figs. 5 to 7) were computed using a « Kendall's tau based slope 222 estimator » developed by Wang and Swail (2001) . This estimator is robust to the effect of outliers in 223 the series and an iterative procedure prevents the Kendall test result from being affected by serial 224 correlation of the series. This method has been widely used to compute trends in hydrometeorological 225 series (e.g., Wang and Swail, 2001, Zhang et al., 2000) and taken up to estimate trends in climate 226 extreme indices time series by Zhang et al. (2005) . Throughout the paper, we only show trends 227 considered as significant, taking a threshold level of 95%. 
234
The mean present-day SST seasonal cycle in CMIP5 models is assessed in the Iroise Sea, with 235 respect to satellite observations over ThSOW and TiMCW (defined in Section 2.3.1). The indices are 236 estimated at an annual frequency, as they characterize a feature of the annual cycle. For each index,
237
we consider the climatology of its yearly time series over the common period between observations and 238 models --1986-2004 --, at 
266
In the three seas, the observed SST mean seasonal cycle in ThSOW is well simulated by the 
286
The magnitudes of the « model relative errors » are colour-coded, with colder (resp. warmer) colors 287 corresponding to E'xy<0 (resp. E'xy>0) for models getting a better (resp. poorer) performance than 288 others on average. In the first two rows, the performance of the « mean » and « median » of the multi-289 model ensemble is also displayed.
290
In the portrait diagram, the mean and median of the CMIP5 multi-model ensemble get the better 
322
TiMCW, the entire water column has to be warmed, which leads to a lower ocean surface warming. In 323 summer, no significant trend can be detected, probably because of the higher interannual variability 324 during that season.
325
In CMIP5 models historical simulations, the observed warming trend is simulated. However, in the 326 Iroise Sea and in the English Channel, its seasonal distribution differs from the observed one. The
327
warming trend is found all over the year, except during summer, with smaller values of about 328 0.25°C/decade. In global models, the ocean surface warming trend seems more linearly linked to the 329 greenhouse gases radiative forcing, because of the poor simulation of continental shelf processes. As 330 pointed out by Holt et al. (2014) in their review paper, it is not just an issue of resolution: a suite of 331 specific dynamic processes act in regional seas, which along with their particular geographic setting act 332 to shape the climatic impacts and lead to responses that may be diff erent from the wider global ocean.
333
Indeed, Adlandsvik (2008), in a marine downscaling experiment of the SRES-A1B scenario over the
334
North Sea, has demonstrated that downscaling strengthen the surface ocean warming. The regional 335 model has a more realistic shelf sea stratification, and most of the warming can be trapped in the 336 surface mixed layer during the summer season, resulting in a better seasonal distribution. In our study,
337
we highlight the need to refine in the same way the spatial resolution and to model tides in the 338 Western English Channel.
339
On the other end, the Bay of Biscay has smaller tides so that the oceanic characteristics are 340 better simulated in climate models. Accordingly, the modelled warming trend seasonal distribution is 341 closer to that of satellite observations, albeit half. 
358
The annual mean of the SST has a significant warming trend in observations and models ( Fig. 5 The warming is there also fairly strong in spring (+0.3°C/decade).
373
CMIP5 models show a significant increase of the annual maximum (+0.31°C/decade), higher than 374 that of the annual minimum (+0.19°C/decade), resulting in an increase of the annual SST amplitude.
375
The annual maximum increase is not detected in the time series of indice I3 absolute value ( Fig. 5 
407
Despite these slight differences, it is appropriate to use the CMIP5 multi-model median derived 408 from the 5th IPCC future scenarios projections to evaluate the future SST evolution in the Iroise Sea. 
428
For all scenarios, the warming is more moderate in winter-spring and stronger in summer-429 autumn (Fig. 9 ). The warming difference between winter and summer is also highlighted in regional 
462
Here, the benefit of these indices to estimate warming trends in the SST seasonal cycle is highlighted 463 in the Iroise Sea. This new approach can be applied to any ocean region of the world.
464
We first evaluated SST seasonal changes in the previous decades within the study area, using 465 high-resolution satellite observations. In the Iroise Sea, a significant warming trend is concentrated in Channel.
481
In this study, estimate of SST future warming related to anthropogenic climate is given for the 482 Iroise Sea, where the annual mean SST increase ranges from 0.5°C (RCP2.6) to 2.5°C (RCP8.5) by
483
year 2100, with a seasonal modulation leading to a more intense warming in summer-autumn than in 
where T is the temperature, ω= 2 π τ the omega-frequency with τ=365 days, and t the time (in days) starting from the beginning of January. T0 is the average annual temperature, T1 and T2 are the amplitudes and φ1 and φ2 the phases of the annual and semi-annual harmonics, respectively. For each year, the coefficients T0, T1, T2, φ1 and φ2 that best fit the 365-day time series are estimated and a biharmonic SST signal reconstructed, with a daily time resolution. The biharmonic SST signal is used to compute the yearly value of the indices I2 to I9. The indices I7 to I9 are estimated using the 0-phase and pi-phase time variables defined in Eliseev and Mokhov (2003) , derived from the annual cycle amplitude-phase characteristic method. 
